Background: Weight training is one type of exercises which some people interest. When the body has a physical exercise with enough intensity, it can produce a positive effect on brain function by changing amplitude of electroencephalographic activity. Aims and Objective: The purpose of this investigation was to examine a more comprehensive range of the electroencephalographic activity including delta, theta, alpha, beta, and gamma brainwaves during bench press weight training exercise. Materials and Methods: Electroencephalographic activities were recorded with nine participants by using the commercial lightweight electroencephalographic device, NeuroSky Mindwave Mobile, both before and during bench press weight training exercise. Results: The present study was conducted to find out how bench press weight training exercise effected to human brainwave. The electroencephalographic activity could be recorded during bench press weight training. The findings of the present study documented increase in beta and gamma brainwaves during bench press weight training exercise. This electrophysiological changes could represent the rearrangement of different systems as a consequence of exercise. Conclusion: This bench press weight training might significantly alter the intense exercise. Future studies may want to examine how these changes in electroencephalographic activity influence or are associated with changes in cognition, affect and/or perception during/after bench press weight training exercise. The impact of peripheral physiology on electroencephalographic activity of bench press weight training exercise also needs to be examined.
INTRODUCTION
Brain is an organ that is easily affected by the physical changes, especially in the modern time when people are easily poisoned by the increasing pollution. When the poisonous substances enter the body, every organ, including the brain will be endangered. Abnormalities will occur to the brain in terms of memory, eyesight, intellect, and balance. [1] [2] [3] Because the roots of all our thoughts, emotions and behaviors are the communications between neurons within our brain, our brain is made up of billions of cells called neurons which use electricity to communicate with each other. The combinations of electrical activity of the brain commonly known as brain wave pattern, because of their cyclic, 'wavelike' nature. 4 These waves are produced in the brain emitting tiny electrochemical impulses of varied frequencies. These frequencies can be registered by an electroencephalogram (EEG) machine. EEG is frequently used to investigate normal and pathological conditions in brain cortex. 4, 5 Brain activity has been proposed to be important in examining affective and perceptual responses to acute bouts of exercise. 6, 7 For example, changes in brain activity may occur secondary to the metabolic changes associated with "central fatigue" during prolonged exercise. [8] [9] [10] Furthermore, activity in the frontal regions of the brain has been related to affective 7 and perceptual 6 responses to acute bouts of exercise.
EEG is traditionally used to measure the brainwaves. Each type of brainwave is associated with one's state of consciousness and different mood state. [11] [12] [13] From all types of wave, beta brainwave is seen in normal activities as well as stressful conditions or difficulties in mental concentration. On the other hand, alpha wave is seen in wakefulness, relaxed, effortless and alertness condition. Therefore, persons with high alpha wave and low in beta wave could indicate status of relaxation, arousal, less stress and better concentration. 8 EEG currently is the most pragmatic way to monitor changes in brain activity in humans while exercising. Although several studies have described EEG changes immediately after exercise, very few studies have examined EEG during exercise.
Exercise is now a day well recognized as an unconventional modality for preventing or even improving brain function decline. The relationship between physical activity and brain functions has been widely investigated. Studies revealed that physical activity has been related to changes in brain functioning and the affective state of an individual. Many experiments and literature reviews concerning the effects of exercise on brain electrocortical activity was based on normal population. Previous research has shown that both acute and chronic physical exercises can induce positive effects on brain function. In addition, this is associated with improvements in cognitive performance. 14, 15 However, the neurophysiological mechanisms underlying the beneficial effects of exercise on cognitive processing are not well understood. [14] [15] [16] Several previous studies had been proposed brain activity to be important in examining affective and perceptual responses to acute bouts of exercise including changes in brain activity that might occur secondary to the metabolic changes associated with central fatigue during prolonged exercise. 6, 7 Even if the relationship between brain activity and affective and perceptual responses to exercise can be understood, normal responses in EEG activity to various types of exercise must be determined. EEG currently is the most pragmatic way to monitor changes in EEG activity in humanswhile exercising. Although several studies have described EEG changes immediately after exercise, very few studies have examined EEG during exercise. Furthermore, the few studies that have examined EEG changes during exercise have typically focused on a limited range of exercise intensities and examined only a few electrode sites. Previous studies in this field focused on either a change in spectral power 17 and/or event-related potentials (ERPs). 18 However, to the best of our knowledge, there are no studies examining the relationship between bench press weight training, cognition, and the EEG activity.
The purpose of this investigation then was to examine a more comprehensive range of the electroencephalographic activity including delta, theta, alpha, beta, and gamma brainwaves during bench press weight training exercise. It was hypothesized that electroencephalographic activity would increases workload increases. The measurement of electroencephalographic activity of bench press weight training was mostly done by letting the participants practiced the bench press weight training and then measure brainwaves by using the effectiveness of commercially available lightweight electroencephalographic devices, named NeuroSky's Mindwave Mobile.
MATERIALS AND METHODS

Participants
The experiment was done with nine participants, aged between 22-27 years old, who were in good health, no congenital illness, no record of brain surgery, not taking medicines or drugs that affect to nervous system. Exclusion criteria were left handedness; history of medical and neurologic diseases; psychiatric disorders; head trauma; assumption of Central Nervous System active drugs in the two weeks prior to study entry; and presence of EEG abnormalities at the baseline recording. After receiving information about the aims of the study, all participants provided written consent to participate in the study that was performed according to the Helsinki declaration standards and was approved by the local institutional review board of Mae Fah Luang University, Thailand.
Experimental procedure
Recording personal information, namely, age, gender, and history of illness were recorded. Electroencephalographic recordings were taken at two different times: pre and during bench press weight training exercise. The participants arrived at the laboratory at around 10 a.m. and were given 10 minutes to relax before the beginning of the first recording session. In a sound isolated room, individuals sat comfortably in a chair in order to reduce muscular tension. In baseline or pre-bench press weight training exercise, the electroencephalographic was recorded for five minutes. To minimized influences of other stimuli interferences, all other external stimuli such as lights, movements of other people and sound were restricted during the data recording. After the five minutes of resting electroencephalographic recording, participants were immediately started the bench press weight training exercising up to exhaustion. Then, participants were again placed on the chair for bench press weight training exercise and similar electroencephalographic recording session took place.
Electroencephalographic recording
Electrophysiological recording through electroencephalogram was applied in this study. The neuroheadset was used to display the output, analyze and record EEG activity. The principles of analytical check were based on the 10-20 system or International 10-20 system by displaying the EEG output. EEG frequency analysis was performed by means of a Fast Fourier Transform algorithm, with a 2-second interval on the EEG signal. The following frequency bands were considered: delta (0.1-3 Hz); theta (4-7 Hz); alpha (8) (9) (10) (11) (12) ; beta (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) ; and gamma (30.5-60 Hz), respectively. Data were collected with eyes closed, to observe electrical activity without external stimuli, thus minimizing possible visual artifacts.
Tools and equipments
In this study, the effectiveness of commercially available lightweight EEG devices, NeuroSky's Mindwave mobile, was used in recording the electroencephalographic activity. Via the application of a single electrode and signalprocessing unit in a headband arrangement, the NeuroSky's Mindwave mobile provided two 100-state outputs operating at 1 Hz. Although the NeuroSky's Mindwave mobile provided a much coarser picture of brain activity than multi-electrodes or other technologies, the principle advantage of the NeuroSky's Mindwave mobile was its unobtrusive nature, which minimizes the aforementioned difficulties in conducting accurate user studies.
Traditionally, the bench press is known as an upper body strength training exercise. It consists of pressing a weight upwards from a supine position. 19, 20 The exercise works the pectoralis major as well as supporting chest, arm, and shoulder muscles. Historically, the bench press has evolved over the years, from floor, bridge, and belly toss variations to the methods used by bodybuilders and power lifters today. The barbell bench press is one of three lifts in the sport of powerlifting. It is used extensively in weight training, bodybuilding, and other types of training to develop the chest muscles. A barbell is generally used to hold the weight, but a pair of dumbbells can also be used. [19] [20] [21] [22] Therefore, in this study, the measuring electroencephalographic activity of bench press weight training were examined by comparing between baseline and bench press weight training exercise.
Statistical analysis
Analyze the basic demographic data of participants by using descriptive analysis with qualitative data summarized in term of mean and standard deviation. Using inferential statistic compare each type of electroencephalographic activity both baseline and during bench press weight training exercise by compared t-test. Every Tests were set to the statistic significant at p<0.05.
RESULTS
The average age of all participants was 23.56±1.59 years old. The average of height was 177.70±5.75, while the average of weight was 73.44±7.02 (Table 1) . Table 2 , it was found that delta brainwave decreased while theta and alpha brainwaves increased. However, changes of delta, theta and alpha brainwaves were not statistical significant at the 0.05 level. On the other hand, it was found that both beta and gamma brainwaves were gradually increased during bench press weight training exercise compared to the baseline with statistically significant at the 0.05 level ( Table 2 and Figure 1 ).
According to
When considering each brainwave, it was found that delta brainwave decreased with no statistically significant during bench press weight training exercise compared to baseline (baseline:0.464±0.056µV; bench press weight training: 0.397±0.316µV; t(17); p=0. 16 ). On the other hand, theta brainwave increased with no statistical significant during bench press weight training exercise compared to baseline (baseline: 0.138±0.063µV; bench press weight training: 0.202±0.954µV; t(17) = 1.79; p=0.58). Similar to theta brainwave, it was found that alpha brainwave increased with no statistically significant during bench press weight training exercise compared to baseline (baseline: 0.105±0.595µV; bench press weight training: 0.233±0.588µV; t(17) = 1.66; p=0. 16) .
In fast waves, on the other hand, it was found that beta brainwave increased highly during bench press weight training exercise compared to baseline with statistically significant at 0.05 level (baseline: 0.357±0.194µV; bench press weight training: 1.433±0.154µV; t(17) = 0.52; p=0.035). Finally, gamma brainwave also increased with statistically significant during bench press weight training exercise compared to baseline (baseline: 0.125±0.039µV; bench press weight training: 1.134±0.067µV; t(17) = 1.28; p=0.013) (Figure 2 ).
DISCUSSION
The present study is the first investigation to document intensity related increases in electroencephalographic activity following bench press weight training exercise. However, a few studies have examined changes in electroencephalographic activity as a result of differing exercise intensities but none of these studies examined electroencephalographic activity following bench press weight training. 23, 24 There was one study examined electroencephalographic activity during a rest period following running five or six discontinuous stages with One previous study reported decreases in alpha activity during exercise, while the present investigation observed increases in alpha activity. 27 Furthermore, a previous study conducted a meta-analysis examining EEG responses during and after exercise and concluded that when increasing velocity. 24 Therefore, the results from the present study are consistent with research from previous studies that following exercise there was an increase in electroencephalographic activity in the theta, alpha and/ or beta frequencies. 6, [24] [25] [26] compared to pre-exercise, alpha activity showed greater both during and following exercise. They also found that delta, theta and beta activity increased during and following exercise. 25 Similar to the present study, Crabbe and Dishman 12 pointed that this previous study examined narrow ranges of the EEG frequency spectrum and only a few electrodes were monitored. We are agree with Crabbe and Dishman 12 mentioned that in order for EEG to become a useful tool in understanding the impact of various experimental manipulations (e.g. distraction, fatigue, nutritional supplementation) on brain activity during exercise, the EEG responses to exercise under normal controlled conditions must be better understood.
However, the results from the present study are consistent with some previous studies showing that during and following exercise there was an increase in electroencephalographic activity in the theta, alpha and/or beta waves. 6, 12, 26, 28 The increase in the beta activity observed in the present study was similar with the results of previous studies and suggested that the augmentation in beta wave after exercise is related to greater cortical activation 12, [29] [30] [31] [32] [33] and the increase in brain regional blood flow. 12, 34 Similar to previous study showing that an increase in the amplitude of the beta frequency range of EEG was found during cycling at 90W, but found no changes at lower workloads (50 -80W). 35 In addition, beta activity after exercise could be related to an attentional demand and a higher arousal level. 30 However, Lardon and Polich 36 reported that the observed EEG changes might be possibly seen as a consequence of exercise.
The other explanation showed that the generalized attentional or arousal effects of exercise might influence electrocortical activity in several frequencies because brain cortical systems are altered generally in response to the increased metabolic arousal that uniquely accompanies physical activity. 37 In addition, hypothalamic modulation of increased metabolism and temperature during exercise are also thought to influence electrocortical activity; especially in the beta range. 30 In turn, the increased cortical activation due to exercise probably influence information processing and psychological variables like attention and arousal. 23, 37 Thus, Kubitz and Mott 27 summarized that and observed increasement in beta power at brain regions could be directly related to an excited or urgent/emergency state of mind and increased cortical activation.
Some previous studies examined electroencephalographic activity changes as a result of different environments. For instance, Nybo and Nielsen 6 described changes in EEG during 1 hour of exercise at 60% VO2max in normal (18ºC) and hot (40ºC) environments. The result showed that there was no changes in EEG as represented by percentage change from rest in the normal environment (18º C). However, when exercising in the hot environment the increases in the ratio of alpha to beta frequency were found 6 . Finally, in order to create a better understanding of the effects of weight training exercise on brain activity, future investigations should determine if electroencephalographic activity changes as a result of weight training exercise duration alone separately from the exercise intensity. Furthermore, the presumption that changes in electroencephalographic activity during weight training exercise represents changes in cognitive brain activity and perception might not be appropriate as in order to address this issue, functional measures of brain activity (i.e., cognitive function), affect and perception must be simultaneously measured.
CONCLUSION
The present study was conducted to find out bench press weight training exercise effect on brain wave. The electroencephalographic activity could be recorded during bench press weight training. The findings of the study documented increase in beta and gamma brainwaves during bench press weight training exercise. This electrophysiological change could represent the rearrangement of different systems as a consequence of exercise. Future studies may want to examine how these changes in electroencephalographic activity influence or are associated with changes in cognition, affect and/or perception during bench press weight training exercise. The impact of peripheral physiology on electroencephalographic activity during bench press weight training exercise also needs to be examined.
